Abstract. In the present work we simulate the equatorial Atlantic variability at annual and interannual timescales using a coupled mixed layer-isopycnal ocean general circulation model ( 
Introduction
The seasonal circulation in the tropical Atlantic has some traits in common with those of the other tropical oceans, such as, for instance, the equatorial system of currents or the eastern basin upwelling in summer and fall of the northern hemisphere. Other effects, such as the mainly meridional displacement of the Intertropical Convergence Zone (ITCZ), are particular to this basin. In September the ITCZ is nearer the Gulf of Mexico, in March-April it is nearest the equator and at its easternmost position. Sea surface models, [e.g., Latif and Barnett, 1995] , while in others an ocean general circulation models (OGCM) is forced with observations [Carton and Huang, 1994] . In this paper we try to understand the physical interaction determining the interannual variability of the tropical Atlantic. Some understanding of it can be gained through the statistical analysis of the available data set, as detailed in our section 2. Because these are surface data, the knowledge they provide is necessarily limited. To increase it, we will analyze a simulation of the interannual variability for the decade 1980-1989, where three warm events were observed. It was produced by forcing a mixed layer -sea ice -isopycnal ocean general circulation model with observations. Details of the model layout are given in section 3. Forcings and analysis of the simulated seasonal cycle appear in section 4. In section 5 we compare the SST anomalies of the simulated warm events with observed ones and with those of another simulation. In section 6, the onset of the events is monitored through the anomalous heat content field. Through statistical analysis, the variability of this field is reduced to two pairs of spatial patterns and their corresponding time coefficients. In section 7 these patterns of anomalous heat content are related to patterns of some variables built from the forcing fields. In section 8 we proceed to a discussion and interpretation of these results. After the climatic index, the simplest way of monitoring quasi-periodical anomalous events is through composites, built by averaging anomalies at the same stages of the evolution of the event. To build our composites we will use monthly mean of SST and wind stress observations for 1964-1992, compiled by Setvain, and described by Setvain and Leglet [1986] . SST and wind data cover a band (20øS-30øN)(60øW-12øE) and are gridded in 2 ø x 2 ø boxes.
Data Analysis
Anomalies were derived in the same way as for the GGI, then filtered through a 13-month running mean, to remove the seasonal dependence. Warm composites were obtained by averaging anomalies of the same months for the events of 1972, 1981, 1984 and 1987 . Cold composites were obtained from the 1964, 1967 and 1976 events. To build the composites, we make an average on the events considered, of the anomalies of each month. Composites were built for all the months of the year of the event, and all months of the year before. Because of the filter used, we cannot refer to these as winter, spring, etc., but instead refer to the different stages in the evolution of the events. The peak phase could be identified using GGI. To spot antecedent conditions, we went back from peak phase through the composites, and identified as antecedent conditions the composites appearing just before the onset of the anomalous events. The patterns represented in Figure 3 (right, top and bottom) correspond to the antecedent condition and peak phase, respectively, of the cold events. In Figure 3 (left, top and bottom) we have represented the same stages but for the warm events. The companion analysis performed on the stresses shows anomalous convergence at the equator, near the coast of Brazil, and anomalous wind stress curl, north and south of the equator, during the onset stage of the warm events and convergence at the equator in the eastern part of the basin during the peak stage. For the cold events, onset stage can be characterized by convergence north of the equator and divergence south of it, as well as by strong negative wind stress curl anomalies in the northern hemisphere. In the peak phase, there is anomalous divergence at the equator, A potential vorticity and enstrophy conserving scheme is implemented. In the horizontal, the equations are discretized on an Arakawa B grid. A time integration scheme consisting of a semi-implicit scheme combined with a predictorcorrector technique is used in order to achieve large time steps. The interior ocean model is coupled to the mixed layer through the entrainment-detrainment processes. The model is described by Oberhuber [1993a] ; an updated summary can be found in the appendix. where l is a fixed time lag. The value of l is allowed to vary in a range from -6 to +6 months. For a certain j, to take into account a rm(t) and a lag l, two statistical tests have to be passed. Only the ajra that are significantly different from 0 will be considered and, in any case, the variance explained by the signal has to be greater than the residuals. For those regressions that passed both tests, we proceed to visual inspection. Next, the anomalous fields of SST, mixed layer depth and mixed layer zonal and meridional velocities were expanded in terms of their EOFs. Retaining four EOFs in this expansion, we can explain 83ø-/0 of the variance in the case of the SST anomalies, 62ø-/0 in the mixed layer depth, and 79ø-/0 in the zonal and 69ø-/0 in the meridional mixed layer velocity. Then we proceed to use the four first principal components of these fields to model the time coefficients of the four first POPs of the heat content. None of the selected fields yielded a satisfactory simulation of all four time coefficients. The field that performed best was the meridional mixed layer velocity: The appearence of the warmings in the GG is due, in part, to an anomalous convergence of the meridional velocities in the mixed layer.
Model Description and Layout
On the contrary, the forcing anomalies cannot be reduced to a few modes as in the case of the anomalies of the oceanic variables. Therefore, we try to define for each grid point a variable that will measure its persistence rather than the forcing. Such variable is defined as t)•, = wc(FH, t')dt' -. 18øN) . In the case of POP 1 the signal is centered in the Sargasso Sea, for POP 2 we have the same sort of signal reaching now the middle Atlantic and for POP 3, the signal is nearer the coast of Africa.
The wavelike atmospheric activity at the equator, present in all these associated patterns, seems irrelevant compared with the importance of the extraequatorial signals.
Discussion
In the present work we try to simulate the equatorial Atlantic variability at annual and interannual timescales using an OGCM ( [1995] points to the importance of some North Atlantic extraequatorial signals, similar to the ones presented in our associated patterns, for the weakening of the interhemispheric SST gradient and the subsequent warmings in the GG. the UNESCO formula for density with the formula for potential temperature, the potential density ao can be defined by using the potential temperature and salinity in the same layer and reducing it to a specific reference pressure, chosen to be the sea surface pressure.
The diffusion coefficients, A•i , A•j and A} depend on the grid spacing. This is useful if a grid with highly different resolution is chosen. By defining the damping timescales Dv ,Dv,x for a vector quantity and Ts for a scalar quantity, the diffusion coefficient that is finally used automatically adjusts to the local numerical stability requirements at each grid point. In the present version of the model, the diffusion coefficient for vector quantities A•t has different expressions forl=iorl=j: 
